A total of 220 enteroadherent Escherichia coli were identified from 729 Egyptian children with diarrhea using the HEp-2 adherence assay. Enteropathogenic E.coli (EPEC ¼ 38) was common among children <6 months old and provoked vomiting, while diffuse-adhering E.coli (DAEC ¼ 109) induced diarrheal episodes of short duration, and enteroaggregative E.coli (EAEC ¼ 73) induced mild non-persistent diarrhea. These results suggest that EPEC is associated with infantile diarrhea in Egyptian children.
Three phenotypes of enteroadherent E.coli strains have been described based on mannose-resistant adherence patterns to HEp-2 cells [1] . Enteropathogenic E.coli (EPEC) display a localized adherence pattern (LA) [1] , and have been previously associated with infantile diarrhea in developing countries [2] . The association of enteroaggregative E.coli (EAEC), which exhibit aggregative adherence (AA) and form a stacked brick-like arrangement [1] , with pediatric diarrhea remains controversial due to their frequent isolation from control subjects [3] [4] [5] . Similar to EAEC, contradictory results have been reported [3, 6, 7] regarding the pathogenicity of diffuse-adhering E.coli (DAEC), which display a pattern of diffuse adherence (DA).
We conducted this study to assess the prevalence of these organisms among Egyptian children with diarrhea and study their clinical and epidemiological significance. Pediatric cases seeking care were evaluated at two Fever hospitals, located on the Nile River Delta, and southeast of Alexandria, Egypt [8] . At the pediatric clinic of each hospital, every fifth child <60 months of age presenting with dysentery (episode lasting <14 days with visible blood or mucus in the stool), acute (episode lasting <14 days without visible blood), or persistent diarrhea (episode with or without blood lasting >14 days) was selected for enrollment [8] . After obtaining written informed consent, a detailed clinical history and a stool specimen were collected [8] . From each diarrheal case, five putative E.coli colonies were tested by a ganglioside enzyme-linked immunosorbent assays (GM1-ELISA) for enterotoxigenic E.coli (ETEC) [8] . Three of the putative E.coli colonies, negative for either toxin were selected for the phenotypic identification of enteroadherent E.coli [9] using the HEp-2 cell adherence assay [2] . ETEC was isolated from 148 cases (20%), and no E.coli was recovered from 126 (17%) of the 729 children. Of the remaining 455 cases, we screened 1365 E.coli isolates using the HEp-2 assay. Adherence patterns were assigned based on the observation of three independent readers. Odds ratios were used to measure the strength of association between a selected pattern of adherence and an epidemiological or clinical characteristic [8] .
Using HEp-2 assay, 73 cases (16%) yielded E.coli which was phenotypically indistinguishable from EAEC (Table 1 ). In 53 of these cases, EAEC was the sole pathogen identified. Thirty-eight children (8%) yielded E.coli phenotypically similar to enteropathogenic E.coli (EPEC). In 26 (6%) of these EPEC cases, no co-pathogen was identified. From 109 cases (24%), DAEC were recovered; 81 cases had this organism as the sole pathogen. Thirty-two cases displayed no specific pattern of adherence, while 10 cases resulted in the complete detachment of HEp-2 cells [7] . There were an additional 119 cases (26%) in which the E.coli did not adhere to HEp-2 cells, and 74 cases with mixed phenotypes [10] .
Cases with enteric pathogens identified in the 729 diarrheal cases and which comprise the 'others' group (Tables 1 and 2) were excluded from analyses in case the pathogen coexists with any of the three patterns of adherence [8] .
No demographic differences were noted among children with EAEC-vs. non-EAEC-associated diarrhea (Table 1 ). In the present study, EAEC did not appear to cause severe clinical symptoms. Less
TABLE 2
Adjusted ratios for the association between selected clinical characteristics of diarrhea and prevalence of enteroaggregative (EAEC), enteropathogenic (EPEC) and diffuse-adherent E.coli (DAEC) among study children (Table 2) . We did not find an association between EAEC and mucoid stool, bloody or persistent diarrhea (Table 2) . These results were consistent with other published reports [11] [12] [13] .
Earlier, we have reported Cryptosporidium associated with persistent diarrhea [14] . Eighteen cases with EAEC (data not shown) were positive for C.parvum as copathogen. Others suggested an association between EAEC and persistent diarrhea but did not test for cryptosporidium, which may have been a confounder in these studies [3, 4, 15] .
Percent of children with dehydration associated with EAEC was comparable with that reported in a hospital study in France [4] , but differed from that reported by a Swiss group where 50% of children with EAEC were noted to be dehydrated [10] . Several reports have suggested that EAEC virulence varies geographically [4, 11, [16] [17] [18] ; however, we cannot exclude the possibility that the difference is due to statistical variation, clinical procedures and/or differences within study populations.
Children <6 months of age were three times more likely to be infected with EPEC than those 12-59 months old, p ¼ 0.04 (Table 1) . This association was not identified in children 6-12 months, p ¼ 0.9 ( Table 1 ). The association of age with infection has been reported elsewhere [12, 13, 19, 20] . Vomiting was 4.4 times (p ¼ 0.05) more common among children with EPEC than among children with non-EPEC diarrhea (Table 2) . Despite the increased reporting of vomiting, EPEC was as frequently associated with dehydration as non-EPEC-associated diarrhea, which might suggest that the hydration therapies delivered to children of this young age with diarrhea needs to be further monitored.
Oligonucleotide primers specific for genes associated with virulence in diarrheagenic E.coli have been described [19] ; however, our interest was the overall phenotypic class of diarrheagenic E.coli present in Egyptian children. As EPEC was the only phenotype associated with the younger age group and associated with some specific clinical characteristics, we targeted these cases to detect the eae gene that characterized EPEC strains [21] . DNA extracted from the stools of EPEC cases was tested by PCR [22] and a product of $881 bp corresponding to the eae gene was amplified.
The association of DAEC with pediatric diarrhea remains questionable. DAEC has been observed in the stools of diarrheal and asymptomatic children at similar rates [6] , and a challenge study with DAEC failed to produce diarrhea [23] . DAEC is also frequently found in association with other enteric pathogens [2] . Overall, DAEC cases were less likely to be ill for >4 days (27 vs. 41%) than all other diarrheal cases (OR a 0.5, p ¼ 0.01; Table  2 ). In conclusion, these data suggest that EPEC appears to be associated with infantile diarrhea and results in an increased level of vomiting in children <6 months old. In contrast, diarrhea associated with DAEC or EAEC was less severe and was characterized by a shorter duration than other diarrheal illnesses.
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